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© Surge protection for telecommunications terminals. 



© A surge protector, particularly for protecting 
components in a telecommunications system, has a 
thin ceramic substrate (20) on a surface of which is 
formed a surge protector resistor (21,22) having a 
spiral pattern in the form of a double spiral (23) 
having two parallel resistor paths in series, the width 
of the paths and the distance between adjacent path 
lengths being relatively narrow. Resistance trimming 
means (26) are provided for increasing the length of 
a resistor path, there being substantially even dis- 
tribution of surge effects under surge conditions 
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SURGE PROTECTOR FOR TELECOMMUNICATION TERMINALS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to surge protection for 
components in a terminal, such as a telephone set. 
Protection is required against AC surges which can 
arise due to downed AC power lines falling across 
telephone lines, and other occurrences. 



Related Art 

Originally, such protectors comprised a wire 
wound resistor. However, an overload could cause 
the resistor to break down in a manner which is fire 
hazard. Wire wound resistors were replaced by a 
thick film resistor printed onto a surface of a ce- 
ramic substrate. The substrate is at least .1 inches 
thick and the resistor is a continuous layer. To trim 
the resistor, the layer of resist material is abraded 
locally, the abrasion extending through the layer to 
the substrate. 

Developments in materials and processes en- 
able the substrate thickness to be reduced to .06 
inches, but disadvantages such as 100% testing 
resulted. 

The thickness of the substrate reflects the abil- 
ity of the substrate to withstand the heating result- 
ing from a surge. Normally, a thinner substrate will 
disintigrate at a lower surge voltage than a thicker 
substrate. The effect is amplified by variation in the 
distribution of the surge effect over the substrate. 



SUMMARY OF THE INVENTION 

The present invention provides a surge protec- 
tor which provides a substantially even distribution 
of the surge over the area of the substrate which 
carries the surge. The surge current, with the asso- 
ciated heating, is caused to flow evenly out to 
peripheries of the substrates. Broadly, the invention 
comprises a thin ceramic substrate on one surface 
of which is formed a surge protection resistor hav- 
ing a spiral path. The path is in the form of a 
double spiral having two thin parallel resistor paths, 
extending around the periphery of the substrate, 
spiralling inward towards the center. The central 
portions are connected by a plurality of space 
shorting members which provide for trimming the 
resistance value. In a particular arrangement, two 
such resistors are formed side-by-side on the one 
surface of the substrate. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be readily understood by the 
following description of certain embodiments, by 
5 way of example, in conjunction with the accom- 
panying drawings, in which: 

Figure 1 is a plan view on one surface of a 
form of the present surge protector; 

Figure 2 is a plan view, greatly enlarged, of 
70 a form of surge protection member according to 
the present invention illustrating the resistor pat- 
terns; 

Figure 3 is a plan view as in Figure 2, with 
the profile of a dielectric layer as applied to the 
75 pattern in Figure 2; 

Figure 4 is a cross-section on the lines IV-IV 
of Figure 3; 

Figures 5 and 6 are plan views on the op- 
posite surfaces of a completed surge protector, 
20 showing two surge resistors on one surface and 
various thick-film devices on the other surface, 
respectively; and 

Figure 7 is an illustration of one form of 
circuit embodying the invention. 

25 

DETAILED DESCRIPTION OF THE EMBODI- 
MENTS 

30 illustrated in Figure 1 is one form of surge 

protector as presently used. A ceramic substrate 
10 has two surge resistors 11 and 12 formed on 
one surface. For telecommunications systems, pro- 
tection is required for both conducters of the con- 
as ventional two wire loop or feed, the Tip conductor 
and the Ring conductor. Two surge resistors are 
formed on a common substrate. The two surge 
resistors 11, and 12, are of thick film form, formed 
by screen printing a layer of resistor material on 
40 the surface of the substrate 10. The resistor ma- 
terial overlies, at each end of a resistor pad 14. 

Due to process and material limitations, it is 
not possible to form the resistor elements 11 and 
12 at exactly the right resistance value. Therefore, 
45 the elements are formed with a value which is 
always slightly below the required value. The layer 
of resistor material is then abraded locally, as by 
sand abrasion, to bring the resistance up to the 
required value. The resistor material is abraded 
so right through to the substrate, as illustrated in Fig- 
ure 1. The abraded areas are indicated at 15 and 
16. The values of the resistor elements must be 
within close limits of a stated datum and the two 
resistor elements must also be matched, or equal, 
to a very close limit. 
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A severe instability problem arises in the form 
of protector elements as illustrated in Figure 1. 
Firstly, the surge loading, that is, the voltage and 
resultant current flow during surge conditions, is 
divided and concentrated in the two sections either 
side of the abraded areas 15 and 16, Added to this, 
because the connections are at one edge, a higher 
voltage and current flow occurs in the section clos- 
est to the connection edge, that is. in the sections 
17 and 18. It will be appreciated that, even without 
the abrading at the areas 15 and 16. there would 
not be an even spread of the surge conditions 
across the elements because of the edge connec- 
tions at 14. The highest loading would occur adja- 
cent the edge 19 and would decrease across the 
element. Various imbalances occur, creating a ther- 
mal shock in the substrate, requiring a minimum 
substrate thickness, generally .1 inches or more. 

With such a thickness, the substrates are man- 
ufactured individually. The resistor elements 11 
and 12 are screen printed on substrates individ- 
ually and then fused, which is slow and costly. To 
provide protection, the resistor elements are usu- 
ally covered with a fused dielectric layer which 
again is applied individually. It is not generally 
acceptable to produce multiple protectors on larger 
substrates. Thick substrates cannot readily be di- 
vided by scoring and breaking. Process and ma- 
terial developments have provided some ameliora- 
tion of the surge effects and permit reduction of the 
substrate thickness to .06 inches. However, be- 
cause of the variation of the temperature of the 
substrate under surge conditions, with the possibil- 
ity of disintegration, every protector is tested to the 
full range voltage as prescribed by specification. 
This is in the order of 450 volts AC RMS at 11 
cycles at 60 Hz. 

A further stage of development was to provide 
a different resistor material, a thick film nitrogen 
firable material, to give improved heat dissipation. It 
was found that the substrate could be .06 inches 
thick and testing of every resistor was not required. 
Because of the thinner substrate, it is possible to 
obtain substrates in larger sizes. A substrate size 
large enough to form six protectors can be ob- 
tained. 

This appeared to be the limit. Disintegration 
still occurred at times and any further reduction in 
substrate thickness seemed unlikely. The abrasion 
trimming of the resistor elements still remained a 
slow, costly procedure and created a highly imbal- 
anced thermal distribution over the substrate. 

The present invention enables a major im- 
provement by a complete break-away from pre- 
vious practices. Instead of a layer of resistor ma- 
terial forming an element a thin pattern or path 
arranged as a double spiral is used. Normally, a 
thin pattern or path would not be capable of sus- 



taining a voltage surge, but be expected to rapidly 
burn out at the voltage surges. This is avoided by 
making the resistor pattern of a material which has 
a resistance, or conductance, between that of a 

5 resister material and that of a conductor material. A 
resistor material, for example as used for the ele- 
ments 11 and 12, typically has a value of about 10 
ohms to 100 M ohms per square, depending upon 
requirements, while a conductor material typically 

io has a resistance of between about 3 m ohms and 
60 m ohms per square. 

Figure 2 illustrates a completed surge protector 
having a ceramic substrate 20 and two resistor 
elements 21 and 22. Each resistor element is 

75 formed of a spiral path 23 which is doubled back 
on itself to form a double spiral. One end of the 
spiral path 23 ends at a contact area 24 and the 
other end of the spiral path ends at a contact area 
25. To provide for trimming of the resistor value, a 

20 plurality of shorting links 26 extend from the inner 
end 27 of the spiral. The links 26 are spaced 
evenly apart and are cut sequentially from link 26a. 
which is furthest from the inner end 27. To provid 
for automated trimming, a further link 28a is pro- 

25 vided in each spiral path and also a link 28b 
connects the two adjacent contact areas 25. The 
use of these links will be explained later. 

In the example, with a nominal value of 200 
ohms for each resistor element, there are 775 

30 spares of resistor material in circuit before the 
cutting of the link 28a. A further 545 squares of 
resistor material are added in by cutting ail of the 
links 26. Cutting link 28a makes about a 1 1/2% 
change in total resistor value and each further link 

35 adds in about .3 to .5% of the nominal 200 ohms 
resistance. This gives a total trimming potential of 
about 40%. The previous conventional resistors, as 
in Figure 1 for example, gave a maximum of about 
17% trim. The process requires about 30% trim 

40 potential for a 90% yield to cater to all the vari- 
ations in manufacture. 

The various embodiments of the example of 
resistor path in Figure 2 are as follows. The path 
width is 15 mil and the spacing 29 between the 

45 paths is 17.5 mil for that part of the spiral path 
outside the trim area. In the trim area, the path is 
15 mil wide and the spacing, 30. is 20 mil. The 
links are 10 mil wide. The lengths of the path 
extending along the top edges 31, ends 32 and 

so near the bottom edge 33. lengths 34, 35 and 36 
respectively, can be made slightly wider, for exam- 
ple 20 mil. These dimensions can vary. 

The term "squares" is used in the specification 
of sheet resistance values. It means that if a paste 

55 of 1000 ohms/square is screened into a one inch 
resistor pattern, it will have a resistance of 1000 
ohms from one side to the other. It will also be 
1 000 ohms from one side to the other if the resistor 
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is one centimeter square or 100 mil square. The 
size is not important as long as the resistor is 
square. This is discussed in more detail in "Thick 
Film Technology" by Jeremy Agnew. published by 
Hayden Book Company. Inc. of New Jersey, par- 
ticularly at pages 11. 12 and 13. 

It will be appreciated that, whereas in the pre- 
vious arrangements, as in Figure 1, resistance ma- 
terial is removed to raise the resistance of an 
element, in the present invention material is added 
to the resistance path to raise the resistance. 

In the present invention, the resistor path ex- 
tends very close to the top edge and end edges, 
right into the corners, and the elements are quite 
closely adjacent to each other. The path lengths 
which are always in circuit are at the peripheral 
areas. The special arrangement ensures that the 
surge effects extend uniformly, that is, there is not 
a concentration one side of the element compared 
to the other as occurs with Figure 1 . 

Under surge conditions, with the heating up of 
the resistor, there is a temperature gradient through 
the thickness of the substrate and the substrate 
tends to curve. With the present invention, the 
curve extends for the full length of the substrate 
and substantially all of the width and is much more 
regular than in the example of Figure 1. When 
protectors are made in multiples from a single 
larger substrate, the large substrate is subdivided 
by laser scribing on the back surface followed by 
bending of the substrate. Slight cracks can occur at 
the edges as a result. The bending or curving of 
the substrate, under surge conditions, tends to 
close these cracks, improving the shock resistance 
of the substrate. 

A variety of materials can be used for the 
resistor path, such as a ruthinium based material 
as sold by Electro-Science Laboratories Inc. of 
Pennsylvania, reference number 3900, and a silver 
based material as sold by Thick Film Systems 
Division of Ferro Corp. of Santa Barbara, California. 
The silver based material has been found very 
effective and is a mixture of silver and borosiiicate 
glass, in paste form. The silver comprises about 
50% by weight of the mixture, the remainder being 
borosiiicate glass. Various small additions of other 
materials such as metal oxides, for example of 
copper, nickel, magnesium and zinc may be used 
to trim the final resistance value of the sintered 
resistor path. The basic proportions of silver and 
glass can be varied to vary the resistance of the 
resistor path. 

Normally, after printing of the resistor paths 
and sintering or fusing of the material, a dielectric 
passivation layer is applied for protection. The lay- 
er extends completely over that part of the resistor 
pattern which does not have the links. A gap is 
formed over links 26, 28 and 29 and over the 



contact areas 24 and 25. This is illustrated in 
Figure 3. the openings indicated by dotted outline 
at 40 for the links 26 and 28. dotted outline 41 for 
link 29 and contact areas 25. and dotted outline 42 

5 for contact areas 24. Both resistor material and 
dielectric are sintered or fused by conventional 
processes, e.g. at 850°C for about 10 minutes. 

Figure 4 illustrates the dielectric layer at 43. 
extending over the outer paths 23, and exposing 

io the links 26. 

It is usual that additional components, such as 
thick film resistors and capacitors, are formed on 
the other surface of the substrate, the components 
being connected to a circuit pattern. 

is Connections are made to the circuit pattern, 

and to the protector resistor elements, by terminals 
along one edge. 

Figures 5 and 6 illustrate a protector, indicated 
generally at 45. having twin resistor elements 46 

20 and 47 on one surface, the resistor elements being 
as in Figures 2. 3 and 4. On the other surface, 
components indicated at 48 are formed. Compact 
pads 49 are also formed and terminals 50 are 
attached, by soldering, to the pads 49. Appropriate 

25 terminals also connect to the contact areas 24 and 
25 for the resistor elements. 

Typical values for the resistor elements of a 
protector as exemplified are 200 ohms resistance 
±.5%. The temperature coefficient of resistance 

30 (TCR) is within the limits of about ±100 ppm. With 
the present invention, a TCR within 40 ppm has 
been obtained regularly. The continuous power rat- 
ing is 2000 mW. The thickness of the substrates 
.04 inches, with .025 inches thickness also being 

35 possible. Substrates of .04 inches thick enable a 
large substrate of up to 5 to 6 inches to be used, 
enabling fourteen protectors to be made per sub- 
strate. This thickness of substrate can readily be 
scored, as by a laser, and broken into separate 

40 protectors. The cost of substrates decreases with - 
reduction in thickness and the cost of manufacture 
decreases with the increase in the number of pro- 
tectors which can be made at one time. 

A line or path width down to 5 mil and a 

45 spacing of 5 mil can be used. For resistor elements 
having a lower resistance, for example 100 ohms, 
wider lines and spaces can be used, for example 
40 mil. Line or path widths and spacing from 5 mil 
to 100 mil can be used, and the paths and spacing 

so can be equal or not, as desired. A variety of line 
widths and spacing can be used, as in the particu- 
lar example described above. 

The use of a spiral resistor pattern having 
relatively narrow paths and spaces, which is con- 

55 trary to what would be expected, together with 
trimming links, provides a surge protector having 
improved thermal characteristics under surge con- 
ditions. The resistors can be made.to a high stan- 
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dard specification of relatively thin substrates. It 
enables the use of large area, e.g. 5" x 6". sub- 
strate material already manufactured for thick film 
substrates, which use .04 and .025 inch material. 
There is a much reduced likelihood of disintegra- s 
tion and minimal testing is required. 

Figure 7 illustrates one form of line-card circuit 
as used in a telecommunications system. This cir- 
cuit is described in more detail in U.S. patent 
4,571.460. issued February 18, 1986, in the name w 
of the present assignee. In the figure, connection to 
the telephone lines, from the line card, is made at 
55. The surge protection resistors, corresponding 
to resistor elements 21 and 22 of Figures 2 and 3, 
are indicated at 56 and 57 in Figure 7. The resis- is 
tors 56 and 57 act to protect the circuit compo- 
nents against surges occuring on the telephone 
lines and inputting at the connections 55. Briefly 
describing other parts of the circuit in Figure 7, a 
DC amplifier is shown at 58, a ring amplifier circuit 20 
at 59. a tip amplifier is shown at 60, a DC network 
at 61, an AC network at 62 and a control circuit at 
63. 

The trimming of the resistors is carried out by 
a laser under the control of a controller, or com- 25 
puter. The substrate with resistor elements thereon 
is positioned in a holder and the trimming cycle 
started. Probes associated with the controller con- 
tact the contact areas 24 and 35, applying an 
electrical power source to the contacts. The laser 30 
beam is aligned with the space between the con- 
tact areas 25 and moves forward, normal to the 
edge of the substrate until it meets link 28b. The 
controller has detected a short between contact 
areas 25. The laser beam cuts across the link 28b. 35 
Immediately the link is cut, the controller detects 
the removal of the short and simultaneously has 
the location of the laser beam in relation to the 
resistor pattern along the axis, for convenience the 
Y axis, normal to the long edge of the substrate. 40 
The laser beam is switched off and the laser head 
is progressed along the Y axis until aligned with the 
space in which the links 28a are positioned. The 
laser head then moves along this space in one 
direction, for example to the right in Figure 2. The 45 
laser beam is switched on while traversing this gap 
and eventually comes to and cuts the link 28a. 
Immediately the link 28a is cut. the controller regis- 
ters a change in resistance and simultaneously has 
the location of the laser beam in the direction 50 
parallel to the long edge of the substrate, and also 
relative to the pattern, for convenience the X axis. 
The laser is now completely orientated by the 
controller and can continue cutting links 28, until 
the controller detects that the correct resistance ss 
exists. The beam is shut off and the laser head is 
moved across to the space in which the other link 
28a is positioned. The steps are repeated -beam 



on, link 28a cut. cutting detected and links 28 cut 
to give the correct value. 

The invention has been described particularly 
to the advantages in that substrates of thinner 
material can be used. However, the invention can 
aJso be applied to normal, relatively thick, sub- 
strates as the advantages of ease of manufacture, 
particularly in the laser trimming, can be obtained. 

While several embodiments of the invention 
have been described, it will be understood that it is 
capable of further modification, and this application 
is intended to cover any variations, uses, or ad- 
aptation of the invention, following in general the 
principles of the invention and including such de- 
partures from the present disclosure as to come 
within knowledge or customary practice in the art 
to which the invention pertains, and as may be 
applied to the essential features hereinbefore set 
forth and falling within the scope of the invention or 
the limits of the appended claims. 



Claims 

1. A surge protector having substantially even 
distribution of surge effects over the area carrying 
the surge, comprising: 

a ceramic substrate (20); 

an electrically resistive pattern (21,22) formed on 
one surface of the ceramic substrate; 
characterized by the pattern being in the form of a 
double spiral having two parallel resistor paths (23), 
in series with a central portion (27); 
the width of the path and the distance between 
adjacent path lengths being relatively narrow; and 
trimming means, for increasing the length of a 
resistive path, having shorting links (26) extending 
between the two parallel paths (23) of the central 
portion (27). 

2. A surge protector as claimed in claim 1, 
wherein the two parallel resistor paths (23) extend 
around at least part of the periphery (31 ,32,33) of 
the substrate and spiral inward towards the center, 
to an inner end (27). 

3. A surge protector as claimed in claim 2, 
wherein the two parallel paths are connected (26) 
at the Inner end (27). 

4. A surge protector as claimed in claim 3, 
wherein said shorting links (26) are spaced at sub- 
stantially equal distances apart. 

5. A surge protector as claimed in claim 1, 
wherein said ceramic substrate (20) has a thick- 
ness of betwe n about .025 inches and .100 
inches. 

6. A surge protector as claimed in claim 1. 
wherein said ceramic substrate (20) has a thick- 
ness of between about .025 inches and .04 inches. 
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7. A surge prot ctor as claimed in claim 1, 24. The method of claim 24 including providing 
wherein each path (23) has a width between about openings in said coating for gaining access to said 
5 mil and 100 mil. Iinks ' 

8. A surge protector as claimed in claim 1. 
wherein said distance betw en adjacent path 5 
lengths is between about 5 mil and 100 mil. 

9. A surge protector as claimed in claim 1, 
wherein said path width and said distance between 
adjacent path lengths is substantially equal. 

10. A surge protector as claimed in claim 1. 10 
wherein said distance between adjacent path 
lengths is wider than said path width. 

11. A surge protector as claimed in claim 1. 
including a protection layer (43) over said spiral 
pattern (23). 75 

12. A surge protector as claimed in claim 11. 
including means gaining access (40) to said trim- 
ming means 

13. A surge protector as claimed in claim 12, 
wherein said access gaining means are openings 20 
(40) in said protection layer (43). 

14. A method of protecting components in a 
telecommunications system and the like from volt- 
age surges, comprising: 

placing a narrow spiral electrically resistive path, in 25 
the form of a double spiral (23) having two parallel 
paths in series, on the surface of a ceramic sub- 
strate (20) to provide substantially uniform surge 
effects under voltage surge conditions; and 
placing said resistive path in an electrical line be- 30 
tween a voltage source and a component to be 
protected. 

15. The method of claim 15 including placing a 
plurality of links between said parallel paths. 

16. The method of claim 16 including cutting 35 
said links for increasing the length of the resistive 
path. 

17. The method of claim 15 including increas- 
ing the length of said resistive path. 

18. The method of claim 18, wherein said in- 40 
creasing step includes placing a plurality of links 
between said parallel paths and cutting selected 
ones of said links. 

19. The method of claim 15 including forming 

said substrate of a ceramic material having a thick- 45 
ness of between about .025 inches and .1 inches. 

20. The method of claim 15 including forming 
said substrate of a ceramic material having a thick- 
ness of between about .025 inches and .04 inches. 

21. The method of claim 15 including forming so 
the path width of between about 5 mil and 100 mil. 

22. The method of claim 15 including placing 
adjacent path lengths between about 5 mil and 100 
mil apart. 

23. The method of claim 16 including placing a 55 
protective coating over said resistive path. 
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